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Abstract 

Despite the initial success in integrating 90 ran Cu/SiOC 
(ks=2.9) device using the HSQ vta-filler scheme, the reliability 
issues remain. By correlating EM with the moisture blocking 
capability of the dielecrric^ifrusion-boxrfct; wo target the 
factors contributing to the moisture blockage, namely, tho N 
and H-content within SiC. Cc^equently, increasing the N/H 
ratio in the SiCN film* wc demonstrated a significant 
enhancement in EM reliability. 

Introduction 

With SiOC becoming one of the dominant choices for 
Cu/low-k in 90 run design nodes, several attempts have 
recently surfaced to overcome the challenges involved in 
integrating Cu/SiOC, such as the resist poison, low etch, 
selectivity, and crown fence [1-3 J. Among these, the HSQ via- 
filter scheme [3] has shown promising results by resolving 
said issues while maintaining manufacturing shrralicity. 
Despite the demonstrated feasibility in 90 njm Cu/low-k 
integration, (he ideal candidate for Che dietectric-difftiston- 
harrier, e.&, SiN, SiC, or SiCN, remains uncertain because of 
its processing differences [4-7]. Moreover, integrating low-k 
constantly poses reliability risks [8-10]. In this paper, we 
focus on improving the EM reliability through re-engineering 
the Cu/dielectric^iftusion-b^mer interface. 

Experimental detauls 

The 2-leveJ dual damascene Cu interconnects were fabricated 
using 90mu process technology. In this proccflfl, the 
OSO(k=2.9) and HSQ were used for low-k dielectric and 
sacrificial layer to prevent PR poisoning. Trench and via were 
etched using reactive ion etchmgflRJE). A Hollow Cathode 
Magnetron PVD(HCM-PVD) Te/TaN bilayer scheme was 
used for the barrier layer. A Cu seed layer was followed by 
Electro-Chemical Deposition(ECD) Co. The overfilling Cu 
was polished off by Chemical Mechanical PoIishing(CMP)- 
For this study four different PE-CVD dielectric deposition 
processes were developed: (1) SiN films were deposited at 
400 °C using silattc, einrnonja, and nitrogen, (2) SiC films 
were deposited at 400 °C using tetra-mcthylsitane (4MS) and 



helium (3) two kind of SiCN films were deposited at 400 °C 
using 4MS, helium, airimonia, and 4MS« ammonia, nitrogen 
(Table 1). SiC and SiCN films have a significantly lower 
dielectric constant than SiN. Chemical composition data of 
SiN, SiC, SiCN- J, and SiCN-2 films was collected using 
Rutherford Badcscuttering Spectrometry (RBS) and listed in 
Table Z Blec lromlg r aii on kinetic studies were carried out on 
water-level in a temperature range from 280 to 300°C 
applying current densities between I and 2MA/cnr\ Failure 
criterion was 10% relative increase of resistance. 

RESULTS AND DlSCUSSftiN 

Contrary to the typical EM failures located around the via- 
bottom area fbr devices with SiN as the dfeh^CKtifrbsion- 
barrier (Pig. la), via-EM failures in devices with SiC initiate 
from the void growth along the Cu/SiC interface (Fig. lb). In 
addition, the MTF matches that of the line-EM as shown in 
Fig. 2a, indicating the interracial properties of Cu/SiC as the 
severest retiabnity-Hmftiiig factor even for via-contaJning 
modules. The calculated current density exponent, n, fbr the 
Ml line of 1.1 (Fig. 2b) corresponds to the failure mechanism 
by void growth rather than by noeEeatfon, suggestive of the 
presence of defects that significantly curtails the energy 
barrier for void nucleation along the Cu/SiC mterfacc prior to 
EM-strcssmg. 

Inserting a SiN layer rrrrmediately adjacent to Cu, on the other 
hand, extend* the failure time as shown in Fig. 3a* This alight 
improvement can be attributed to the mora efficient oxygen 
blockage of SiN over SiC as shown in Fig. 3b, rendering the 
formation of CuOx along the Cu/SiN interface. Figs. 3c and 
3d further confirm through the stress change correlation the 
decidedly greater moisture, e.g., <?, OH", HA etc., 
penetration in SiG over SiN; SiC used in this particular study 
is processed via 4MS + He. One can, thus, deduce that the 
EM characteristics deteriorated per CuOx formation along the 
Cu/SiC interface. Use of SiN. however, carmot serve as the 
remedy lest the capacitance increase and/or etch-sefcetivrty 
dlmrotsh. 

While not completely dear, one of me possible core 
differences between SiN and SiC may be correlated to the N 
and H content Specifically, it is plausible that the relatively 
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greater H-content m SiC accelerates the moisture movement 
in SiC [1 1] given the increase in number and/or size of ports 
with the amount of H in SiC; SiC used in this specific study 
contains approximately 43.4 % H in the form of Si-CH*/Si- 
ttx while SiN comprises 21.3 % due to its non-porous 
nature<Tablfi 2). The increase in the N-contcnt hi SiC, on the 
other hand, results in a greater probability of Si-N bonding 
that in turn reduces the number of pores, and, enhances the 
moisture-blocWng strength. 

To test this hypothesb (Fig. 4a), SiCNM and SiCN-2 films 
were produced by controlling toe N and H-cantent along the 
CWdielectric^ffusion-barHer interface via 'NHj and N a as 
shown in Tabic h The to test entailing stress change 
measurement as a function of air exposure time (Pig. 4b) 
confirms the correlation between the moisture blockage 
characteristics and the N/H ratio in didectric^ifrusiofrbarrier 
films (Tabic 2). The order of improvement is "SiCN-2* s SiN 
> "SiCM-r > SiC in which the addition Of Ni (SiCN-2) on 
top of NH 3 (3iCN-l) has the efTect of further diluting or 
reducing me amount of H» essentially increasing die N/H ratio. 
Tho line-EM testa also corroborate the efTect as shown in Fig . 
4c. Based on the experimentally determined activation energy 
of 1.0 eV % the lifetime is projected to exceed well over 10 
years. 

The signifies Ace of producing Cu/didecrric-diffusion-barricT 
interface of high quality is further supported through the test 
fortifying the presumed weakest point m via-EM failures, 
namely, the via-bottom regtons. Certain processing 
instabilities can leave voids behind at the corner of via-bottom 
thai later act *s luiclei in via-EM failures. K barrier metal 
process that reinforces said weakest link by re-sputtering Ta 
from via-bottom to its adjacent side wall/corner regions (Fig, 
5a) somewhat extends the via-EM failure times, but still rails 
short of meeting the 10-yr lifetime guarantee in the case of 
SiC. Upon applying SiCN-2 processed with tho enhanced 
rrttisturc>blcckmg strength, the number of via-EM failure 
points drastically talk and the MTF also extends by one order 
of magnitude (Fig, 5b), easily exceeding the lifetime 
specif] cation. 



CONCLUSIONS 

Despite the initial success h\ integrating Cu/SiOC (K=2*9) 
device in 90 ran design node, the reliability aspect requires 
rurthar attention. The EM failure analyses point to the 
choice of dieUicrnc-difrusion-barrier, By correlating EM with 
the moisture Mocking capability of dieleciric-diflusion^iarricr, 
wc target (he factors contributing to the moisture blockage, 
namely, the N and H-content withm SiC. Consequently, 
interface between Cu and dtelectric^iftusion-barrier an the 
reliability limiting region instead of the comer of via-bottom. 
Engineering said interface, however, is a dtfBcuh task due to 
the wide range of iiKonststcncies reported regarding the ideal 
increasing the N/H ratio in the SiCN film, we demonstrated a 
significant enhancement in EM reliability in 90 nm Cu/SiOC 
(k=2.9) devices. 
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Table 1. Film prepartle* offtmrdineient didk^^ffiisioii^irien by coJrtioUiftg the N and H content 
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fig. I Effect Of using (»> SfN (b) SiC *9 the dielBctri^IIRBiatv-bwior in 
tennR of vw-BM ftilura n 
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R & 2n. Soniaica) equivalenca hi Ac failure difttribmfcfl* of via- v*. Hae-EM 
for tha S5C casa. 
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Fifr 3a, FirihiredifltnbntiOfl of Une-EM forSiC vj. SIN 
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Fijt 2b. Current density exponent, m for line-BM in the case of applying SiC 
as the diclectric-diShiloa-bafTlcf, The n-vafcie of U suggests void growth as 
the dominant EM dflnrc mode. 




Sputtering ttme(A*U.) 



Fig. 3k SIMS showing the CuO* peak ateng the Cu/diclectTio^fTuykjn- 
OJwrtcr folsrface befbte and altar Qt plasma ttcatmcrt. 




Air Exposure time (hrs) 
Rga. 3c. Stress choose « a fimcdon of mr exposure rime far SJC/S • 
SiN^i stack. 
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Figs. 3d. Die3«tric^Iff\iSi0tt^>ftTTier capped oxide «w change with ambient difiusion-Oflrfer mterfttCCT. 
exposure tiidb 
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Fig. 4c Failure distribution of litte-EM tor rt^ogitwensJ Cu /dteteotiic* 




Kg. 4ft- Schematic diagram depicting a model of mofctuna pcnetitfion fn 
relation to N A H-ccntent ft* SiN vs. SIC 
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Fi^. 4b. Strew change id a ftfflcdnn of air exposure time for various ro 
engineered Cu/StCN interfaces. Samples arc of the same structure as that 
shown hi Fir. 3d 
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Fig. 5b. Faihiro distribution of via^EM In fortified vfa-bottom rt&m f 
ccrave&tiooal Cu/SiC vn. fCXt^DWed Cu/3iCN-2 interfere 



Thble 2. Chcmtod composition of flaw <fiffirart didectriC^^His»on^Bume» by eottfrotling the N and H content 
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